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Models of disease are collections of theory on its 
etiology and progression, based on research as far as 
possible but often including some untested hypo- 
theses. As such, these models have to be modified 
from time to time as new research findings come out 
and sometimes have to be revised extensively. This 
is the case with the models for periodontal diseases. 
In fact, knowledge of the disease process has expand- 
ed so rapidlv that it is easy to forget that, as recently 
as the mid-l960s, a widely accepted model of peri- 
odontal disease included the following: 
All gingivitis progresses to periodontitis with 
consequent bone loss and tooth loss. 
0 Virtually everyone is susceptible to periodontitis 
that becomes serious enough to threaten the den- 
tition. 
0 The severity of periodontitis increases with age. 
0 Periodontal disease is the main cause of tooth loss 
after age 35. 
By the 1990s, however, the components of this model 
have either been discarded or are being challenged 
by findings from basic, clinical and epidemiological 
research. In particular, the results of epidemiological 
research since 1980 provided a fresh look at the dis- 
tribution of disease in populations and played a ma- 
jor role in the re-assessment of the periodontal dis- 
ease models. The purpose of this chapter is to assess 
the contribution of epidemiological research toward 
the understanding of periodontal disease. 
Definition of epidemiology 
Epidemiology traditionally has been defined as the 
study of health and disease in populations, a broad 
definition later expanded to: “the study of the health 
of populations in relation to their environment and 
ways of living” (48). A more precise definition is: “the 
study of health and disease in populations, and how 
these states are influenced by heredity, biology, 
physical environment, social environment, and ways 
of living” (13). The science of epidemiology has made 
substantial contributions toward the current high 
level of public health in the economically developed 
countries. Control of nineteenth-century epidemic 
diseases such as cholera, scarlet fever, typhoid fever, 
yellow fever and tuberculosis all followed the identi- 
fication of risk factors from epidemiological study, 
long before the advent of antibiotics. Epidemio- 
logical science evolved during the recurring epi- 
demics of the nineteenth century, when outbreaks of 
fatal infectious diseases demanded remedial action 
at a time when the disease process itself was poorly 
understood. The development of epidemiology was 
thus driven by an urgent public health imperative. 
Oral epidemiology, as a branch of the parent disci- 
pline, lacked the same genesis in public health crisis, 
although the landmark studies that followed the 
identification of waterborne fluoride as the cause of 
“mottled enamel” (44) were driven initially by a 
sense of concern for public health. 
Although oral epidemiology is nothing more or less 
than the application of epidemiological principles 
and methods to the study of oral conditions, its rela- 
tive youth has led it to focus more on descriptive 
measurement than on systematic searches for risk 
factors. As a result, oral epidemiology to many people 
is synonymous with descriptive surveys, intended to 
measure disease experience through clinical examin- 
ations in the field. Many other studies in epidemi- 
ology, by contrast, seek to identify risk factors from 
data sources such as vital statistics, disease registries, 
hospital admissions and discharges, insurance 
claims, physicians’ records and national survey data, 
all of which are now readily available to researchers 
through electronic data storage. The value of such 
databases as research resources in oral epidemi- 
ology, however, has only been discovered recently. 
Although oral epidemiology’s roots in clinical den- 
tistry ensure that its traditional emphasis on original 
data collection will always remain a high priority, the 
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expense and logistic difficulties inherent in original 
data collection will require more reliance on data- 
bases, with their assortment of covariables, to answer 
certain research questions. It will also require a 
greater emphasis on the use of analytical techniques 
from the parent discipline. 
The nature of 
epidemiological study 
Epidemiology is the study of groups of people, in 
contrast to clinical medicine’s focus on the individual 
patient. Group comparisons are carried out within 
the structure of a formal research design to identify 
risk factors for the condition under study. (Risk fac- 
tors are characteristics associated with the onset or 
progression of a disease, although they are not 
necessarily causal factors (32) .) Knowledge of risk 
factors can help to establish disease etiology and can 
also suggest control measures, even when the causal 
pathway for the disease remains incompletely under- 
stood. For example, the scientific basis for public pol- 
icy to discourage public smoking began with the 
pioneering studies in the 1950s that first identified 
cigarette smoking as a risk factor for lung cancer (20, 
21). The major risk factors for cardiovascular disease 
(hypertension, blood lipoprotein levels, obesity, 
smoking and sedentary lifestyle) were also identified 
through epidemiological study (16). 
Knowledge of risk factors can help the clinician to 
identify patients at greater risk, although epidemi- 
ology cannot specify which individual patients will 
and will not succumb to a particular disease. Biologi- 
cal variation dictates that the circumstances that lead 
to disease in one person will not necessarily do so in 
another person of the same age, sex or race, even 
if they exhibit the same risk factors. Although the 
clinician implicitly understands this concept of bio- 
logical variation, epidemiology seeks to determine 
the factors associated with a disease that are the most 
important in terms of its prevention and control and 
which correlated factors offer clues for further etio- 
logical study. 
Descriptive epidemiology 
Descriptive studies, or surveys, are carried out to 
monitor disease trends in a population. The decline 
in caries among children, for example, was identified 
by comparing results from a series of descriptive sur- 
veys conducted at different times under similar con- 
ditions (1 1,65). The results of descriptive studies can 
be used to plan or evaluate programs and policies 
for disease control, dentist and auxiliary develop- 
ment and financing of dental care. Descriptive results 
also can stimulate the development of hypotheses for 
further analytical studies in epidemiological, clinical 
or laboratory research. National surveys on oral 
health in the United States, which have been carried 
out by both the National Center for Health Statistics 
and the National Institute of Dental Research, began 
in the early 1960s and continue periodically (62-66). 
The data they collect and publish have been confined 
largely to caries, periodontal disease and tooth loss 
related to the social variables of age, gender, race and 
socioeconomic status. In addition to these national 
surveys, numerous statewide and local dental sur- 
veys have been, and continue to be, conducted. 
Analytical studies 
An analytical study is designed to examine the corre- 
lates of diseases and measures the effects of exposure 
to known or hypothesized risk factors on disease out- 
come (32). Analytical studies test hypotheses by 
measuring the strength of association between a 
group’s disease experience with host factors, en- 
vironmental exposures or behavioral variables. Cause 
and effect can be imputed from associations that are 
strong and consistent, although epidemiological 
study alone cannot prove etiology (48). This is true 
for any particular branch of research; most complete 
etiological models are based on information that re- 
sults from epidemiological, clinical and basic re- 
search. 
There are 3 types of analytical study: cross-sec- 
tional, cohort and case-control. Cross-sectional 
studies are usually carried out for descriptive pur- 
poses only, although their results can sometimes be 
analyzed for associations between disease outcome 
and exposure (30). In the retrospective case-control 
design, a group of people with the disease in question 
(cases) are compared with a comparable group with- 
out it (controls) for contrasts in previous exposure to 
hypothesized risk factors (46). Case-control studies 
are relatively quick and inexpensive and are an es- 
pecially useful strategy to explore the etiology of un- 
common conditions such as certain soft tissue 
lesions, temporomandibular disorders and other 
orofacial pain syndromes. A cohort study is a pro- 
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spective design in which a group of people is ob- 
served over a period of time, during which some of 
the group develops the disease under study and some 
do not, and some are exposed to hypothesized risk 
factor(s) and some are not. The associations between 
exposure and disease outcome can then be deter- 
mined (14). 
The essence of analytical epidemiological studies 
is that they include people both with and without the 
disease in question and with and without the hypoth- 
esized exposure. Clinical studies, by contrast, are fre- 
quently confined to diseased or disease-susceptible 
people; the inclusion of large numbers of subjects 
does not by itself make an epidemiological study. 
Longitudinal observation of a group of periodontal 
patients, for example, may yield valuable infor- 
mation, but because the study group is solely pa- 
tients with the disease, it is a clinical rather than an 
epidemiological study. 
Contribution of epidemiology 
to periodontal research 
Epidemiolom can be used to describe normal bio- 
logical processes such as height at various stages of 
growth, blood groups and times and order of tooth 
eruption. In the study of diseases, epidemiological 
study has the following 5 purposes: 
Understanding the natural history 
Whether to intervene or not in a disease is deter- 
mined by its natural outcome. For example, most 
forms of cancer require intervention, but chickenpox 
does not. 
Measuring the distribution of diseases in 
populations 
Surveys demonstrate how diseases are distributed by 
age, gender, race, geographic region and socioecon- 
omic status and can thus identify special problems. 
Identifying risk factors 
Even if the causal pathway of a disease is not fully 
understood, knowing even some of its risk factors 
can lead to intervention strategies for its prevention 
and control. The growth of smoking control meas- 
ures is one example: education and regulation aimed 
at reducing the fat intake in the diet in the United 
States is another. 
Testing hypotheses for the prevention and 
control of disease through clinical trials 
Clinical trials are epidemiological experiments in 
which potential agents, regimens or procedures for 
the prevention and control of disease are tested pro- 
spectively in human populations under controlled 
conditions. 
Planning and evaluating health care services 
Data that describe a) the distribution of disease, both 
treated and untreated, in the population under study; 
b) the population’s utilization of health care services; 
and c) the availability and productivity of health care 
services can assist planning for the services and per- 
sonnel required. Related applications include valid- 
ating the effectiveness of treatment techniques and 
quality assurance procedures. 
Epidemiology has contributed significantly to 
knowledge of periodontal conditions in several of 
these areas. For example, poor oral hygiene was first 
identified as a risk factor for gingival inflammation 
years ago (23) ,  and numerous clinical trials for testing 
treatment regimens and agents to prevent plaque ac- 
cumulation have been conducted since. Probably the 
most interesting examples, however, are the im- 
provement in understanding the natural history and 
distribution of periodontal diseases in populations. 
Actually, epidemiology did more than just improve 
understanding in these areas; it changed the very way 
we look at the disease. 
Understanding the natural 
history 
The principal issues in the natural history of peri- 
odontal diseases deal with the relationship between 
periodontitis and tooth loss and the circumstances 
under which gingivitis can progress to periodontitis. 
It  was mentioned earlier that both issues were part 
of the conventional wisdom on periodontal diseases 
until recent years, a view reinforced by data such as 
that in Table 1, taken from the first national survey 
of adults in the United States in 1960-1962. In older 
people, relative to younger people, the proportion of 
edentulous people was greater, the number of re- 
maining teeth in dentate people was lower and peri- 
odontal diseases were scored as more severe. It is 
easy to see how conclusions on the inevitability of 
periodontitis and eventual tooth loss arose from 
such data. 
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Table 1. Number of teeth present and periodontal con- 
ditions in United States men aged 18-79 years, 
1w-19Fi2 
No. of teeth 
Age Percentage per dentate Mean Mean 
18-24 1.3 23.2 0.6 1.5 
25-34 2.7 21.5 0.9 1.6 
35-44 5.9 19.4 1.3 1.7 
45-54 19.9 15.6 1.6 1.9 
55-64 34.5 11.4 2.2 2.1 
65-74 45.0 8. I 2.5 2.5 
75-79 55.7 4.8 2.9 2.2 
* Periodontal Index score (55). ** Simplified Oral Hy- 
giene Index score (24). Source: US Public Health Ser- 
vice, National Center for Health Statistics (62-64). 
(years) edentulous Person PI* OHI-S** 
But cross-sectional data such as those in Table 1 
are often erroneously interpreted as if they were 
longitudinal. Doing so ignores the cohort effect, the 
fact that the older people represented in the data had 
grown up under very different conditions from those 
experienced by the younger ones. It is thus mislead- 
ing to conclude from Table 1 that the younger people 
would look like the older ones when they reached 
the same age, but that implicit view used to be com- 
monplace. 
Study of the natural history of periodontal con- 
ditions is still complicated by tooth extractions car- 
ried out years ago. Until relatively recently, diagnoses 
of “pyorrhea” were made for what today would be 
recognized as mild degrees of periodontal involve- 
ment, and mass extraction was a common treatment. 
The beliefs of both dentist and patient combined 
with the diagnosis of “pyorrhea” to make tooth loss 
accepted as virtually inevitable sooner or later (67), 
with the result that total loss of teeth became very 
common among older people. The basis for this prac- 
tice was the focal infection theory (281, which sub- 
stantially influenced dental practice in the first half 
of this century. Even when faith in the focal infection 
theory began to fade in mid-century, reports from 
the 1950s and 1960s (Table 1) seemed to show that 
oral deposits and pocketing increased with age, as 
did tooth mortality, so it was natural to assume that 
the two were related (40). This led in turn to a circuit- 
ous logic: periodontal diseases led to tooth loss, and 
high levels of tooth loss showed that periodontal dis- 
eases were severe and endemic. 
Even though levels of tooth retention continue to 
improve over more recent years, there is still a 
lingering problem in how to assess the progression 
of periodontitis with increasing age when so many 
older people are edentulous as a result of treatment 
received years before. The problem of interpreting 
data from surveys can be illustrated from a study in 
New Zealand (101, which has long had high levels of 
total tooth loss among older people (18). The data 
are shown in Table 2, together with 3 possible con- 
clusions that can be reached from them. A second 
illustration of interpretive difficulty comes from a 
comparison of tooth loss data in the United States 
with that from similar age groups in Kenya, a devel- 
oping country with no comparable levels of oral hy- 
giene and dental services. In rural Kenya, 90% of 
people aged 15 to 60 years have retained 16 or more 
teeth (411, whereas only 79% of employed United 
States adults of similar ages had done so in 
1985-1986 (66). The greater degree of tooth loss in 
the United States is hard to attribute to more severe 
periodontitis, though it is associated with more fre- 
quent and more widespread dental attendance. The 
natural history of the periodontal diseases is not easy 
to follow in a highly treated population. 
Some studies have concluded that tooth retention 
is proportional to the degree of compliance with peri- 
odontal maintenance regimens (6,45,68), but others 
suggest that some patients lose teeth regardless of 
regular maintenance care (7). A look at statistical dis- 
tributions shows that most tooth loss is concentrated 
in a small group of patients (26). One hard-to-explain 
finding came from a study of patients who declined 
periodontal maintenance care over a 5-year period. 
In this group, tooth loss was greater in teeth orig- 
inally diagnosed as questionable than it was in the 
Table 2. Data and conclusions from a survey of a repre- 
sentative sample of elderly people in Dunedin, New 
Zealand 
Number examined: 303 
Number edentulous: 237 (78.2%) 
Number dentate: 66 (21.8%) 
In need of: 
Complex periodontal care: none 
Moderate periodontal care: 55 
No periodontal care: 11 
Source: Brown et al. (10). 
Possible conclusions: 
1. The data are little related to periodontal conditions; 
most tooth loss could be caries-related from many 
years before. 
2. The data are little related to periodontal conditions; 
tooth loss could stem from negative attitudes toward 
their retention. 
3. The data could reflect a survival phenomenon, 
meaning that the periodontally diseased teeth have 




teeth diagnosed as hopeless (8). Collectively, these 
clinical studies suggest that periodontal maintenance 
care is not well correlated with tooth retention, al- 
though none challenge the hypothesis that severe 
disease is concentrated in a relative few people. 
The old perception of periodontitis as a major 
cause of tooth loss was largely based on studies of 
dental practice records. I t  can now be seen, however, 
that these records largely reflected treatment philo- 
sophies in the early 1950s rather than a close corre- 
lation between disease progression and its outcome 
(42, 47, 52). The data were seriously biased by the 
attitudes of the dentist and the patient and the re- 
lationship between them. More recent studies of 
dental practice have reported that caries, not peri- 
odontal diseases, is the principal reason for tooth ex- 
traction in all patients except perhaps the very oldest 
(1,  5, 9, 15, 31). hlore than anything else, these find- 
ings probably demonstrate a change in dental treat- 
ment philosophy with respect to periodontal dis- 
eases: a recognition that many teeth involved in 
periodontal disease can be successfully maintained 
and do not need to be extracted. We can only specu- 
late on the degree to which these research findings 
represent a real decrease in disease severity, im- 
proved treatment methods or more positive public 
attitudes toward tooth retention. The welcome end 
result, however, is that only the most severe and in- 
tractable periodontitis is now seen as grounds for 
extraction. 
The earlier model of periodontal diseases assumed 
that gingivitis usually progressed to periodontitis un- 
less there was active professional intervention. How- 
ever, subsequent research has now shown that rela- 
tively few gingivitis sites progress to periodontitis, 
and the mechanism by which this progression occurs 
is not well understood (51). Some of the evidence for 
the low rate of progression of gingivitis to peri- 
odontitis has come from clinical studies in which pa- 
tients with gingivitis were observed in a dental school 
over a period of years (37). But the most serious ques- 
tioning of the earlier belief arose when epidemio- 
logical data from untreated populations in develop- 
ing countries were published. Despite massive 
deposits of plaque and calculus (and hence extensive 
gingivitis), the prevalence of extensive loss of peri- 
odontal attachment in these populations was little 
different from that seen in industrialized countries 
(2-4, 19,33,38,43,50) .  If, indeed, it is usual for severe 
gingivitis to progress to severe loss of periodontal 
attachment, then these epidemiological findings be- 
come hard to explain. When they were added to the 
clinical evidence, it became clear that most gingivitis 
did not progress to severe periodontitis, even in 
populations that hardly practice self-care and have 
little access to professional treatment. 
An intriguing slant on the natural history of peri- 
odontitis came with the suggestion, in the early 
1980s, that diseased periodontal tissues may have the 
capacity to repair themselves (22). This finding be- 
came incorporated into the burst theory of peri- 
odontitis (611, which essentially states that peri- 
odontitis progresses in a series of relatively short, 
acute bursts of rapid tissue destruction, followed by 
some tissue repair and with long periods of remission 
(36).  This view was the converse of the linear pro- 
gression assumed previously. The burst theory re- 
sulted from analyzing the probing measures from in- 
dividual sites, thus making site-to-site variations 
evident, rather than by aggregating these measures 
into mean data (39). The burst theory of periodontal 
destruction is a model many authorities have ac- 
cepted (351, although the validity of statistical 
methods used in its early formulation has been criti- 
cized (29,49, 53). Modifications to the original model 
have also been suggested (17). Further research in 
time will help to confirm, refute or refine the burst 
theory. 
Measuring disease distribution 
As mentioned earlier, virtually everyone used to be 
considered susceptible to periodontitis. But it is now 
clear that data from the late 1960s that apparently 
showed widespread severe disease (34,54,56,58-60) 
must be looked at skeptically because of the poor 
validity of the measurements at the time. In particu- 
lar, the belief that virtually everyone was susceptible 
to advanced destructive periodontitis, especially if 
oral hygiene was poor, is no longer tenable. This 
change in perceptions might have begun with the 
results of a Swedish study in the early 1980s (271, 
which was one of the first to use a disaggregated 
method of measurement. 
The biggest single contribution to this shift in 
understanding, however, was probably the outcome 
of a 15-year longitudinal study of 480 tea workers in 
Sri Lanka by Loe et al. (38). This observational study 
of a relatively untreated population recognized that 
dental treatment impeded study of the natural his- 
tory of periodontitis. The tea workers, initially aged 
14-30 years, were first examined in 1970. There were 
5 subsequent series of examinations, the final one 
in 1985 when there were 161 of the original group 
remaining. Based on tooth loss and interproximal 
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Table 3. A current model of periodontal diseases 
0 Few people exhibit advanced periodontal destruc- 
tion. Mild gingivitis is common, as is mild-to-moder- 
ate periodontitis. Most adults exhibit some loss of 
probing attachment while still maintaining a func- 
tioning dentition. 
Gingivitis and periodontitis are each associated with 
characteristic bacterial flora that have some similari- 
ties but also some differences. Gingivitis precedes 
periodontitis, but relatively few sites with gingivitis 
later develop periodontitis. 
Although periodontitis is usually related to age in 
cross-sectional surveys, it is not a natural conse- 
quence of aging. 
0 Periodontitis is not the major cause of tooth loss in 
adults, except perhaps in the oldest age groups in 
some populations. 
loss of periodontal attachment, it was concluded that 
about 8% of the group demonstrated rapid pro- 
gression of periodontitis, 81% showed moderate pro- 
gression and the remaining 11% showed no pro- 
gression beyond gingivitis. In the first two groups, 
periodontitis progressed with age, although it pro- 
gressed much more rapidly in the first group, virtu- 
ally all of whom were edentulous by 40-45 years of 
age. In the moderate-progression group, the annual 
mean loss of periodontal attachment increased from 
0.3 mm, when the members were in their twenties, 
to 0.5 mm when they were aged around 45 years. By 
contrast, the annual loss of periodontal attachment 
in the rapidly progressing group averaged 1.04 mm 
in those aged 25-29 years. In the non-progressing 
group, the average annual loss of periodontal attach- 
ment was about 0.05 mm and did not change with 
age. These data show that periodontitis worsened 
with age for the most susceptible individuals, but 
periodontitis in the moderate-progression group 
would probably not lead to tooth loss, at least until 
much later in life. Age did not seem to be a factor in 
the non-progressing group. 
Confirmation that severe loss of periodontal 
attachment was concentrated in a minority of people 
was reported from other parts of the world when dis- 
aggregated measurement methods were used (12, 
57). By 1988, there was sufficient evidence for a com- 
prehensive review (25) to conclude that severe, gen- 
eralized periodontitis affected about 7% to 15% of 
the population of any country. This is still a lot of 
people, and a much higher proportion exhibits a 
more moderate level of periodontitis, but it is a far 
cry from the virtually universal degree of susceptibil- 
ity that had been previously assumed. Research now 
is focusing on what characteristics are peculiar to this 
susceptible minority and how they might be iden- 
tified in time for preventive action to be taken. 
In summary, there is still a great deal to be learned, 
but the accepted model of periodontal disease has 
changed considerably since the early 1980s. Epide- 
miological research has contributed a great deal to- 
ward this revision. As a result of these studies, the 
current perceptions of periodontal diseases can be 
summarized as in Table 3. It is likely that this model 
will, in turn, become refined and modified as re- 
search progresses. Epidemiology, along with basic 
science and clinical studies, will continue to play a 
major role in these developments. 
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